BACKGROUND
Authors of work related muscul oskeletal disorder reviews have consistently found health care worker s at high risk for these condit ions, and patient handling poses a particularly high risk (Daynard, 200 I; Hoogendoorn, 2000; Lagerstrom, 1998; Yassi, 1995a) . Koehoorn ( 1999) and Lagerstrom ( 1998) each conducted comprehensive reviews of health care sector studies of musculoskeletal disorders. They noted that 10 prospective studies and a number of high quality case control studies demon strated consiste nt, cli nically significant associations between these conditions and providing direct patient care. The most common approa ch to preventing occu pational low back inju ries in health care workers traditionally has been educ ation and training in biomechanics and lifting techniques. However, consensus is currently emerging that mechanical hoists and assistive patient handling devices can play an important role in reducing the risk of back injuries in nursing staff (Smedley, 1997) . Nonetheless, there have been few evaluations of the effectiveness of such systems, and even fewer attempts to assess the econom ic benefits and costs associa ted with such investments.
Occupational and environmental health nurses are becomin g increasingly aware of the need to measure and to financially justify the value of occupational health interventions. Norman (2000) points out several case study reports in professional periodica ls, noting the considerable savings that can be realized by implementing ergonomic intervent ions. Within the health care profession, studies by Yassi (I 995b) and Ronald (2002) found substantial savings from a workplace based early intervention program to reduce disability from back injuries. In examining the introduction of ceiling lifts in health care facilities in the province of Quebec, Canada, Villeneuve (1998) concluded a favorable benefit--eost ratio was produced. Between April and August 1998, 65 ceiling mounted lifts were installed in the extended care unit of a hospital in British Columbia (Be), with funding from the BC Workers' Compensation Board. The "Resident Lifting System Project," which has been described elsewhere, also included the extensive involvement of the work force in determining the details of the intervention, provision of training, and the introduction of a "no manual lift policy" (Ronald, 2002) .
The intervention was observed to have been effective in reducing injuries caused by lifting and transferring residents. Specifically, the rate of MSI due to lifting or transferring patients was found to be significantly reduced (58% reduction, p = .011) after the intervention. To ascertain the fiscal value of the action taken, and to consider the generalizability of the result obtained by Villeneuve (1998) , a cost-benefit analysis (CBA) of the Resident Lifting System intervention in BC was undertaken.
In its simplest form, CBA "attempts to weigh all the impacts of a program to assess whether it is worthwhile, i.e., whether its benefits exceed its costs" (Drummond, 1997) . Accordingly, CBA is the appropriate technique to use in evaluating whether or not the Resident Lifting System Project produced economic benefits greater than the intervention's costs.
METHODS
To ensure that the evidence generated by economic evaluations is credible, guidelines for conducting and critically appraising such studies have been generated to MARCH 2002, VOL. 50, NO.3 assess the validity of the results produced. The methodology for this study was prepared in line with the evaluation criteria developed by Drummond (1997) .
The economic evaluation design focused on two time periods to assess the effectiveness of the programa 12 month period following the installation of the ceiling lifts (August 21, 1998 to August 20, 1999 and an equivalent comparison period (April 1, 1997 to March 31, 1998 preceding the intervention. To ensure that the periods examined were indeed distinct, the time interval during which the installation occurred was not included in either of the study periods. Figure 1 was developed as a schematic summary of the intervention to identify categories of anticipated benefits and intervention costs and, thus, to guide the evaluation (Schalock, 1995) .
The direct benefit of the intervention was considered to be the cost reduction associated with a decrease in all permanent and casual employees' MSI related time loss and subsequent compensation claims. The total costs of claims initiated in each period were documented from compensation records and then compared. To ensure that absolute claims amounts were comparable despite a slight variation in the total hours worked during the two periods, the claims paid in the pre-intervention period were adjusted by applying the actual cost per 100,000 hours to the number of hours worked during the post-intervention period.
A general trend toward increases in compensation costs existed just prior to the installation of ceiling lifts and continued in the health care sector (Workers' Compensation Board of British Columbia, 2000) . Therefore, a sensitivity analysis was conducted in which the implication of a comparison period with costs 40% greater than what had exist- ed during the pre-intervention period was considered. This projection was based on an analysis of short term trends observed in a hospital in British Columbis and other long term care facilities (Workers' Compensation Board of British Columbia Risk Management Group, 200I). Analysis was conducted from the perspectives of both the insurer, who is responsible for providing com-pensation payments to injured workers, and the employer (i.e., facility administration), who must consider a wider range of costs (including maintenance and operating charges) and benefits. This includes indirect effects, conservatively estimated to be double that of direct benefits, although the literature suggests this effect may be as high a factor as 10 (Norman, 2000; Widfelt, 1996) .
The project's payback period was determined to consider the time it would take to recover the capital investment amount. To more comprehensively assess the economic value of the project, benefits and costs of the intervention were measured over the estimated 12 year life span for the ceiling lift equipment. Time preference was considered by applying a 4% discount rate-a technique applied in such analyses to adjust for the fact that a benefit realized currently has a greater value to an individual than one realized in the future. All benefits and costs were expressed then as present values, so benefits could be analyzed in comparison to costs (expressed as a benefit-cost ratio) and an internal rate of return for the investment could be calculated. All dollar values are expressed in Canadian currency (Exchange rate 1.5827 $Ca = 1.00 $US).
RESULTS

Overall Reduction to Payback Period and Internal Rate of Return
Prior to the installation of the ceiling lifts, MSI related compensation costs per 100,000 hours worked at the Extended Care Unit had been rising steadily (see Figure 2 ). However, following the intervention, the costs of lift or transfer and all MSI related compensation claims declined sharply, as also shown in Figure 2 . Table I shows a comparison of pre-and post-intervention costs in more detail. While the incidence of lift and transfer claims decreased by 58% (from 24 to 10), the costs per 100,000 hours worked were also reduced by 69% (from $65,997 to $20,731).
return (rate of interest equaling the discounted present value of expected future receipts to the present value of cash outlays) of approximately 8.1% per annum. Figure  4 shows the flow of cumulative costs and benefits.
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Economic Evaluation from Workers' Compensation Board Perspective
The Resident Ceiling Lift Project was financed as a one time capital expenditure of $344,323 provided as a grant by the insurer, the Workers' Compensation Board of British Columbia. The net reduction in the cost of claims filed in the study period following the intervention (see Table 2 ) was $59,282 for lift or transfer MSI related claims exclusively, and $89,378 for all MSI related claims. Taking this latter figure, which incorporated the contribution from both reduced MSI incidence and reduced duration of claims, a payback period of 3.85 years was estimated for the investment. However, if it is assumed that in the absence of the intervention, the compensation payment situation would have continued to worsen, the payback period would have been within 2 years, as noted in Table 2 and illustrated by Figure 3 .
It should be noted the use of the "payback period" alone as the measure for evaluating the intervention tends to understate the full economic value of a capital cost investment, such as the installed ceiling lifts, which will continue to produce benefits for a much longer period. For example, during the projected 12 year life span for the equipment, a present value stream of $872,372 in savings can be estimated to result from the investment as a result of reduced claims costs. This produces a benefit-cost ratio of 2.53, or an internal rate of $ I_ Cumulative Costs C CumuJative Benefits I Figure 4 . Cumulative present value costs and benefits from the Workers' Compensation Board perspective.
Economic Evaluation from Facility Perspective
Economic evaluations are relative to the viewpoint explicitly identified. While it is appropriate for the Workers' Compensation Board to consider the effect of providing a one time grant and then to consider the impacts on claims costs, other viewpoints should be considered as well. For example, facilities must pay various operating costs (e.g., energy, maintenance, training) beyond the capital investment, but they also derive indirect benefits over and above the savings from averted compensation claims and the value of redeployed equipment no longer needed following the intervention. Table 3 identifies the costs actually incurred in implementing the Resident Lifting Project. To consider the capital equipment costs from the facility administrator point of view, an annuitized cost estimate was derived. This cost estimate expressed what would have to be spent annually to be equivalent to a payment of the initial capital investment for the project. The capital cost of $344,323 was then represented by annuitized costs of $38,155, assuming a 12 year life span for the equipment and a 4% interest rate. This estimate does not consider any residual value for the equipment. In addition, this is a very conservative way of analyzing cost because it would be reduced by accounting for any residual value estimated to be remaining after 12 years . Table 4 demonstrates the effect of varying assumptions related to the extent of indirect benefits or what the claims rate would have been without the ceiling lifts. During 12 years, even without including these indirect benefits, $2.6 million in savings from reduced claims (see Figure 5 ) should be realized following the intervention, as compared WIth present value costs of approximatel y $450,000, producing a benefit-cost ratio of more than 6 to 1. The implied internal rate of return on investment ranges from 6.2% to 22.9%, depending on the assumptions adopted .
DISCUSSIONS AND CONCLUSIONS
Occupational and environmental health nurses have long recognized the need to measure the value and worth of their programs and services. Accordingly, occupational and environmental health nurses need to know how to conduct CBA to assess the economic value not only of their own service s, but also of programs and interventions they may recommend to decrea se injuries and disability in the workplace.
As noted by the American Association of Occupational Health Nurses (Widfelt, 1996) , financial analyses are useful, but should not serve as the single component for making program decisions. Qualitative information or factors contributing to the well being of the work force remain indispensable for program decision making. In the case described in this article, those responsible for funding decisions were convinced of the business case for implementing measures such as these to decrease injuries following the intervention and the presentation of the quantitative information to decision makers. The business case created reinforced the comments and observations from staff that they were now working free of pain. This was not previously the case (Occupation Health and Safety Agency for Health Care [OHSAH], 200 I). Staff members found their jobs more gratifying as patient care improved (e.g., patients taken out of bed more frequently, bed pans having become almost unnecessary) (OHSAH, 2001) . In this context, the economic information did not serve as the sole decision making criteria, but rather, in conjunction with qualitative nursing and patient issues. Accordingly, installation of overhead mechanical lifting equipment is currently being considered as a possible standard for new construction.
Occupational and environmental health nurses are in a key position to understand the factors determining the health and well being of workers. The ability to combine their observations with relevant financial data puts occupational and environmental health nurses in an excellent position to influence senior managers to make decisions benefiting worker well being and representing optimal ways for allocating scarce financial resources. $2.500,000 $2,000,000 $1 .500,000 $1 ,000,000 $500.000 
Implementing a Resident Lifting System in an Extended Care Hospital
Demonstrating Cost-Benefit Spiegel, J. , Yassi, A. , Ronald. L.A. . Tate. HB ., Hacking, P., &Colby, T. AA OHN jourtlal2002; 50(3), 128-134. Implementing mechanical resident lifting equipment in an extended care facility produced a payback from direct savings alone wi thin 4 years. Payback occurred more quickly when the effect of indirect savings or the trend to rising compensation costs was considered .
Combining the observations ofthe occupational health nurses related to staff well being with relevant costbenefit data is useful in influencing decision makers and in securing funding for prevention measures.
Clear identification of a viewpoint is an important part of an economic evaluation and cost-benefit analysis.
